The study presented here is intended to provide an ultrastructural background to be used in interpretations of changes in cells in thoracic duct lymph observed in immunological experiments on cats as well as from leukemic cats. It has been reported that the cell populations in thoracic duct lymph of humans (ZUCKER-FRANKLIN, 1963) , cows (BEATHARD et al., 1971; SCHNAPPAUF and SCHNORR, 1968; WEBER and JOEL, 1966) , sheep (SCHNAPPAUF and SCHNORR, 1968) , dogs (LIEBICH and HEBEL, 1969) , rabbits (HUMMELER et al., 1966) , rats (MARCHESI and GOWANS, 1964; FELDMAN and NORDQUIST, 1967) , mice (WIVEL et al., 1970 ) are heterogeneous at the ultrastructural level, even though such cells have a rather homogeneous appearance at the light microscopic level. To the writers' knowledge there is no information on the morphological characteristics of cells in thoracic duct lymph of the cat either at the light or electron microscopic levels.
In this report, results of tabular studies of the population of cell types circulating in cat thoracic duct lymph are presented, and quantitative evaluations of organelles among different cell types are described at the ultrastructural level.
Materials and Methods
Six adult, healthy male cats that weighed an average of 3.8kg were used. Cannulations for the collection of lymph were achieved under anesthesia with sodium pentobarbital.
In this procedure the cat was placed on its back on the operating table and a 3 or 4cm incision was made on the left side of the neck along the left external jugular vein near the thoracic inlet. By following caudally along the vein, the union of the internal and external jugular veins was identified where they form a short common jugular vein. At the union there was observed the common jugular tap, as described by HUNTINGTON (1911) , through which thoracic duct effluent enters into the vein. A singular trunk of the thoracic duct was usually found on the dorsal side of the left common jugular vein, though there were variations in the course and ramifications as noted by HUNTINGTON (1911) and SUGIMURA et al. (1959) .
Siliconized polyvinyl tubes (i.d. 0.27, o.d. 0.59mm; or i.d. 0.58, o.d. 0 .97mm) were used as catheters for this procedure.
When the main trunk of the thoracic duct was found, the trunk was ligated with silk thread near the common jugular tap, so the duct became larger in size by lymph stasis. The duct was incised to create a small opening and a catheter was threaded distally into the duct for 1 or 2cm. The duct with the catheter was firmly tied with silk. If some collateral branches were also present they were also ligated.
Collection of thoracic duct lymph in amounts varying from 2.3 to 7.3ml required intervals of 3 to 5hrs of time. After 1hr of cannulation the white cell count, which was determined in 4 of the 6 animals, averaged 36,000 cells per mm3.
For electron microscopic studies lymph was collected directly into a precooled buffered 2% glutaraldehyde solution and centrifuged at 3,000rpm for twenty min. The cell pellet was fixed in the cold buffered glutaraldehyde solution for 1hr, dehydrated in graded ethyl alcohol and acetone, and embedded in an Epon-Araldite mixture (MOLLENHAUER, 1964) . Ultrathin sections were cut on a LKB ultratome using glass knives, double stained using uranyl acetate and lead citrate, and then examined in a RCA EMU-3F electron microscope.
For quantitative tabular studies of the cell population, the thoracic duct effluent was differentially counted by means of observing 1,000 cells from each animal. For quantitative studies of the cellular constituents, central cuts of thin sections of thirty agranulocytes each of lymphocytes, lymphoid blast cells, and immature plasmacytelike cells were selected at random. Additional profiles of 12 monocytes and 13 mitotic cells, which represented all of the respective central cuts of these cell types observed, were used. The quantitative studies included determinations of ratio of cross-sectional area of nucleus to cytoplasm and number of rough-surfaced endoplasmic reticular profiles, lysosome-like bodies, and mitochondria. Quantitative studies of the size and number of mitochondria were made particularly with the aim to clarify the presence or absence of monocytes in cat thoracic duct lymph, because it has been reported that the monocyte has more numerous and smaller mitochondria than other mononuclear cells in the same animal (KNOCKE, 1963; SONODA and KOBAYASHI, 1970a; WEBER and JOEL, 1966) . For the measurement of the profile size of mitochondria, negative films were projected at 160,000 diameters on a screen and each of the mitochondrial profiles was traced on a paper, and their profile areas measured by use of a planimeter. an average of 84.9% of the cells of the thoracic duct lymph. A lymphocyte ( Fig. 1,  8 ) contained a round to reniform nucleus in which the chromatin was arranged into large, coarse masses mostly in contact with the nuclear envelope. The ratio of nucleus to cytoplasm (0.59) was the largest of the different cell types studied. Usually a small nucleolus was present. One or two nuclear bodies were observed in 28.8% of lymphocyte sections (Fig. 5) . The cytoplasm contained numerous finger-like protrusions and fewer organelles than in other cell types which will be described below (see . Table 2) ; they contained a small number of mitochondria, a few rough-surfaced endoplasmic reticular profiles (2.2 profiles per section) and lysosome-like bodies (1.4 profiles per section). Numerous free ribosomes were scattered through the cytoplasm; there were almost no polyribosomes.
One to three multivesicular bodies occurred in seen in the cytoplasm of lymphocytes (Fig. 2) . Nuclear pockets were found only in two small lymphocytes during the course of this observation of this cell type (Fig. 3) . The lymphoid blast cell (Fig. 4 , 5) comprised an average of 5.7% of the total cell population in the thoracic duct lymph.
This cell type, which is herein called a lymphoid blast cell, showed remarkable similarities to the hemocytoblasts described by FELDMAN and NORDQUIST (1967) in rat thoracic duct lymph and to the reticular lymphocytes described by WEBER and JOEL (1966) in calf thoracic duct lymph. The cell had a large round to reniform nucleus with small irregular-shaped chromatin clumps that mostly appeared in contact with the nuclear envelope. One or two large nucleoli were present.
This cell contained finger-like protrusions and was characterized by the presence of abundant free ribosomes which mostly were in polyribosomal configuration. Rough-surfaced endoplasmic reticulum (8.3 profiles per section), smooth-surfaced endoplasmic reticulum, and lysosome-like bodies (2.6 profiles per section) were present, but all were generally sparse in occurrence (see. Table 2 ). One to three multivesicular bodies were found in 40% of the cells, small lipid droplets in 17%, and bundles of microfilaments in 17% of the cells in this classification.
Immature and mature plasmacyte-like cells comprised an average of 6.7% of all cells. This cell category represented by the "developing and mature plasma cell" (FELDMAN and NORDQUIST, 1967; WIVEL et al. 1970) , and "proplasmacyte and plasmacyte" (WEBER and JOEL, 1966) , and "plasmacytoid cell" (SONODA and KOBAYASHI, 1970b) type described in lymph and blood of several animals. In this paper, the term Fig. 5 . Lymphoid blast cell. Nl nucleolus. Cytoplasm of the cell includes a number of polyribosomes, several mitochondria (M), and a few undilated rough-surfaced endoplasmic reticular profiles. Four lysosome-like dense bodies are observed near a poorly developed Golgi complex "plasmacyte-like cell" was used, as described by HAMMER (1970) , for the convenience of discussion.
The immature plasmacyte-like cell (Fig. 6, 7 ) comprised an average 5.4% and contained a large nucleus and finger-like protrusions similar to the lymphoid blast cell. It was characterized by the presence of numerous, somewhat dilated roughsurfaced endoplasmic reticular profiles (22 discrete profiles per section) which occasionally formed large cisternae with dense homogeneous material within (Fig. 7 ) similar to those observed in Russell body cells. Numerous free ribosomes which mostly were in polyribosomal configuration were also observed. Only a few lysosomelike dense bodies (2.8per section) were found, and they were located near the characteristically prominent Golgi complex.
Sometimes one to three multivesicular bodies (30% of cells), small bundles of filaments (27% of cells) and occasional small lipid droplets (10% of cells) were observed in the cytoplasm of the cell.
The mature plasmacyte-like cell (Fig. 8) was characterized by the presence of a nucleus which contained somewhat large chromatin masses, and numerous roughsurfaced endoplasmic reticular profiles. The cell comprised an average of 1.3% of the cellular thoracic duct effluent, but varied more widely in occurrence than did the Fig. 6 . Immature plasmacyte-like cell. Note reniform nucleus with a large nucleolus (Nl). Cytoplasm of the cell contains numerous, somewhat dilated rough-surfaced endoplasmic reticular profiles (ER) and several mitochondria. A well-developed Golgi complex (G) and some dense immature form. The cytoplasmic organelles of this cell type were similar to the immature form, but free ribosomes were very sparse. However, the cell was different from the typical tissue plasma cells which had a completely organized roughsurfaced endoplasmic reticulum.
The monocyte (Fig. 9, 10 ), which comprised an average of only 0.2% of all cells counted, was characterized by the presence of considerable numbers of lysosome-like dense bodies (16.3 profiles per section), flat rough-surfaced endoplasmic reticulum (19 profiles per section) and numerous, small mitochondria as described below. The ratio of nucleus to cytoplasm in monocytes was the smallest (0.26) of the different cell types studied.
The cell contained a reniform or bilobulated nucleus. Small irregular chromatin masses appeared mostly in contact with the nuclear envelope.
In appropriate sections, a small nucleolus and one or two nuclear bodies (33%) were observed. The cell contained irregular large cytoplasmic processes, but no finger-like protrusions. Free ribosomes were poorly developed.
Sometimes large vacuoles mostly and small bundles of filaments (17%) were seen in the cytoplasm of monocytes. The monocytes could be subdivided into two different types, namely, a dark form (Fig. 9 ) and a light one (Fig. 10) . The former was characterized by an electron opaque cytoplasm and contained small lysosome-like dense bodies and free ribosomes more numerously than the latter. The light form was distinguished by the presence of an electron translucent cytoplasm, and contained long, undilated rough-surfaced endoplasmic reticular profiles more numerously than the dark one. The mitotic cells represented an average of 0.4% of the cells in the thoracic duct lymph. The mitotic cell clearly included two groups of cells, namely, the lymphoid blast cell and immature plasmacyte-like cell (Fig. 11) .
Granulocytes comprised an average of 1.7% of all cells and were found to include both eosinophil and neutrophil leukocytes (Fig. 1) . The neutrophil varied more widely in occurrence among the six animals than any other cell types.
Agranulocytes, which were not classifiable as to lymphoid or monocytoid types on visual inspection in the electron microscope were grouped as unclassified cells. Nl nucleolus. Note long cytoplasmic processes, and light appearing cytoplasm as contrasted to that of Figure 9 . Note also small mitochondria, and undilated, They comprised an average of 0.3% of total thoracic duct effluent cells. Erythrocytes were observed to be scattered among the white cells of the thoracic duct effluent in 3 cats out of 6. They were considered to be artificial contamination which resulted from manipulation during the surgical procedures.
Quantitative ultrastructural studies of mitochondria
The number per cell section and profile size of mitochondria were quantitatively compared among the five types of agranulocytes, as shown in Table 3 . The mitochondrial number per cell section in lymphocytes was significantly the mitochondrial profile number in monocyte thin sections was significantly greater
The difference in profile size of mitochondria was highly significant among each of the different cell types observed. Especially striking was the small mitochondial
Discussion
It has been a well-known fact that the number of lymphocytes in the blood falls in animals undergoing surgical procedures (ANDREASEN and GOTTLIEB, 1947) and anesthesia (YOFFEY, 1935) . This fact has also been demonstrated on cells in lymph of the sheep by HEATH et al. (1962) , where the number of white cells was always found to be lowest during the first 24hrs after an operation. HALL and MORRIS (1962) stated that in view of the effects of anesthesia and operation on the output of lymphocytes from the popliteal node, results obtained from acute preparations during the operative and the immediate post-operative periods have an unavoidable error, which can only be eliminated by using chronic fistulae in conscious unrestrained animals.
On the other hand, WIVEL et al. (1970) demonstrated that developing and mature plasma cells increased from 1.4 to 5.5% when day 1 of cannulation was compared with day 2 in the study mouse thoracic duct lymph, but almost no change was recognized in other cell types for 1 to 5 days after cannulation.
In the experiments reported here, cat thoracic duct lymph was collected under anesthesia and during 3 to 5hrs following cannulation, and thus the results must be limited to providing information about the cell population and ultrastructure of diffrent cell types under these conditions.
It is commonly known that lymphocytes represent a great proportion of the total cells in thoracic duct lymph and that almost all of the cells belong to the small-sized class in lymph of all animals investigated to date. The existence of two types of small lymphocytes has been noted in dog lymph by ARTURSON et al. (1962) , in rat HEBEL and LIEBICH (1970) . They assumed that the two types of light and dark small lymphocytes represented beginning and end stages of the aging process respectively. In the present observation, the presence of two types of small lymphocytes was also noted in cat thoracic lymph; it did not appear feasible to study them differentially.
Nuclear pockets, which were noted in agranulocyte nuclei in lymphocytotic and leukemic blood in the cow (HAMMER, 1970; KNOCKE, 1964; SONODA and MARSHAK, 1970; WEBER et al., 1969) , were found only in two thin-section profiles of lymphocytes in this study. This would be expected on the basis that these anomalous forms have not been observed in thoracic duct effluent cells by other workers (WEBER and JOEL, 1966; WIVEL et al., 1970; ZUCKER-FRANKLIN, 1963) , and that they are found very frequently even in the peripheral blood of animals with normal hemograms, which appears to be their usual habitat.
Nuclear bodies were observed in 28.8% of nuclei in thin sections of lymphocytes in cat thoracic duct lymph; the bodies were also found in a few instances in nuclei of monocytes.
The frequent presence of nuclear bodies in nuclei of small lymphocytes is a well-known fact (SUGIMURA et al., 1965 (SUGIMURA et al., , 1969 WEBER and FROMMES, 1963; WEBER and JOEL, 1966) . Though this study was not intended to provide information on the function of the bodies, it was of interest to find that undifferentiated cell types of the lymphoid series had no observable nuclear bodies in their nuclei.
Though it is considered that the cell population of agranulocytes in thoracic duct lymph are almost homogeneous at the light microscopic level, ultrastructural studies have demonstrated that such cells have a rather heterogenous appearance; this includes the variety of ordinary lymphocytes, the lymphoid blast cell with numerous polyribosomes, the phagocytic mononuclear cells, and immature and mature plasmacyte-like cells with numerous rough-surfaced endoplasmic reticulum (BEATHARD et al., 1971; FELDMAN and NORDQUIST, 1967; HUMMELER et al., 1966; MARCHEST and GOWANS, 1964; SCHNAPPAUF and SCHNORR, 1968; WEBER and JOEL, 1966; WIVEL et al., 1970; ZUCKER-FRANKLIN, 1963) . The latter cell with numerous endoplasmic reticulum has been also reporetd in peripheral blood of several animals (HAMMER, 1970; NAFSTAD and NAFSTAD, 1968; SHIVELY et al., 1969; YAMADA, 1970) and humans (ANDERSON, 1966; HUHN, 1968) . The cell type, which was called herein a plasmacyte-like cell, had a less well organized endoplasmic reticulum compared to the typical tissue plasma cell, as described by HALL et al. (1967) and SCHNAPPAUF and SCHNORR (1968) .
The lymphoid blast cell and plasmacyte-like cells were also found in cat thoracic duct lymph in this study and comprised an average of 5.7 and 6.7% respectively. Both cell types, which increased in number in immunized animals (FLEDMAN and NORDQUIST, 1967) , were believed therefore to have an intimate relationship with antibody formation (CUNNINGHAM et al., 1966; HUMMERLER et al., 1966 HUMMERLER et al., , 1972 or messenger function in the immune reaction (HALL et al., 1967) . The appearance of these cell types in the cat thoracic duct lymph of 4 animals probably showed a range for a normal cell population in the healthy animal, while in the two other animals which had a high population of the cells, it may rather show an immunological reaction against a subclinical infection.
Another important finding was the presence of monocytes in thoracic duct lymph. The cell type, which is denoted herein as a monocyte in cat thoracic duct lymph, (HAMMER, 1970; KNOCKE, 1964; SONODA and KOBAYASHI, 1970a) . The absence of monocytes in thoracic duct lymph in the calf has been noted by WEBER and JOEL (1966) . They suggested the absence of monocytes in thoracic duct effluent of the calves based upon studies of mitochondrial average profile area values; sections of the cells in question contained mitochondria of a size similar to that of hand, BEATHARD et al., (1971) , FELDMAN and NORDQUIST (1967) and WIVEL et al. (1970) have shown the presence of macrophages or monocytes in thoracic duct lymph of the calf, rat and mouse at the electron microscopic level.
There is always the possibility that cells of peripheral blood may be contaminants in thoracic duct effluent. The present results indicated that the neutrophil-monocyte ratio is about 7:1 in cat thoracic duct lymph (Table 1) , whereas the neutrophilmonocyte ratio is 20:1 in the peripheral blood (SCHALM, 1967) . HALL and MORRIS (1962) found that macrophages and monocytes are very common in afferent lymph, but not in efferent lymph of the popliteal node of sheep. SUGIMURA et al. (1959 SUGIMURA et al. ( , 1960a reported that peripheral lymphatic vessels, which dierctly pour into the thoracic duct without passing through a node, were frequently observed in the cat. Accordingly, some monocytes in cat thoracic duct lymph may have originated from such lymphatic vessels. A comparative study of such lymphatic vessels demonstrated they were more numerous in rabbits, cats and dogs than in rats and goats (SUGIMURA et al., (1960b) . Accordingly, the presence of 0.2% monocytes in cat thoracic duct lymph and the absence or scantiness of monocytes in rats and calves, which may have a lymphatic system similar to goats, should be reasonable.
The present authors found the presence of two types of monocytes, namely, dark and light varieties.
The former had more numerous ribosomes and small lysosomelike bodies, but fewer long, undilated granular reticular forms than the latter. HAMMER (1970) also reported two different types of monocytes in bovine blood; one type had fewer mitochondria, less granular reticulum, fewer and less electron dense cytoplasmic granules, but more numerous and larger cytoplasmic vacuoles than the other group of cells. The dark monocyte in cat thoracic duct lymph was similar to the type of bovine monocyte which had more numerous mitochondria and electron dense cytoplasmic granules, but the light one was different from the corresponding type described by HAMMER (1970) . KELLY (1970) reported that "frilly cells," which were similar in appearance to macrophages, but did not ingest either carbon particles or fluorescein-labeled immune complexes, represented over 50% of the total white blood cells in afferent lymph of rabbits. If the "frilly cells" described in rabbit are also present in the afferent lymph of cats, positive identification monocytic types will have to await an examination of their phagocytotic ability and histochemistry in further studies.
